We present the results of our photoelectric U BV observations of the yellow symbiotic star LT Del over 2010-2018. The binary system LT Del, which consists of a bright K giant and a compact hot star with a temperature of ∼100 000 K, has an orbital period of 476 days. In 2017 the variable experienced a second low-amplitude (∆V ∼ 0.
Introduction
The emission-line object He 2-467 from the catalogue of Henize (1967) , which was deemed a planetary nebula for some time after its discovery, was assigned by Kaler and Lutz (1980) to a small group of yellow symbiotic stars whose cool components have a spectral type no later than K5. The binary system He 2-467 consists of a bright G or K giant and a compact hot star with a temperature of ∼ 10 5 K. The emission-line spectrum is excited by radiation from the hot star and consists of hydrogen, neutral and ionized helium lines in the optical band. Based on infrared (IR) photometry, Allen (1984) classified He 2-467 as an S-type symbiotic star, a binary system without a circumstellar dust envelope.
The photometric variability of He 2-467 was discovered by Arkhipova and Noskova (1985) . The authors detected a periodicity of its brightness variations in the U BV bands with a period of ∼480 days. The shape of the light curves and the growth of the amplitude from V to U suggested that the variability is related to the so-called reflection effect, i.e., the heating and ionization of the upper atmospheric layers of the cool component facing the hot one by white dwarf radiation. Based on the results of this paper, the star was included in the catalogue of variable stars (Samus' et al. 2017 ) and was designated as LT Del. In subsequent papers the period was refined and the ephemeris JD(Min) = 2445930 + 476. d 0E was adopted based on the 1982-2009 observations (Arkhipova et al. 2011) .
In 1994 the star experienced the first outburst that was detected by Passuello et al. (1994) and studied in detail by Arkhipova et al. (1995a Arkhipova et al. ( , 1995b . This event allowed LT Del to be attributed to classical symbiotic stars. Arkhipova et al. (2011) showed that the system's cool component does not fill its Roche lobe, the mass loss occurs in the form of a stellar wind with a rateṀ ∼ 2.5 × 10 −8 M ⊙ yr −1 , and the outburst activity is associated with slight variations in the rate of mass loss by the cool component.
In 2017 Munari et al. (2017) reported the detection of a new outburst. In this paper we present the results of our photoelectric U BV observations over the period from 2010 to 2018, describe the 2017 outburst, and compare the photometric behaviors of the star in 1994 and 2017.
Observations
Systematic photoelectric observations of LT Del have been performed with a Zeiss-1 telescope at the Crimean Station of the Sternberg Astronomical Institute of the Moscow State University using a photoelectric U BV photometer designed by V.M. Lyutyi (1971) since 1982. The results of the U BV observations before 2010 were published in Noskova (1985, 1988) and Arkhipova et al. (1995a Arkhipova et al. ( , 2011 .
The observations in 2010-2018 were carried out at the same telescope with the same photometer with a 13 ′′ aperture. The star BD+19 • 4458 with the following magnitudes was used as a photometric standard: U = 12. m 32, B = 10. m 52 and V = 8. m 98. We estimate the accuracy of the observations to be 0. m 01 − 0. m 03 in V and B and at least 0. m 02 − 0. m 04 in U depending on the brightness level. More than 100 U BV -magnitude estimates were obtained from 2010 to 2018. The results of the observations are presented in Table 1 . Table 2 gives some characteristics of the two outbursts of LT Del: the duration (∆T ), the orbital phases at which the outburst occurred, the maximum brightness, colors, and amplitudes of the outbursts. Some difference in the photometric behavior of the star in the two outbursts should be noted. The 1994 outburst was more prolonged. At an approximately equal amplitude of the outbursts in the V band the color differed. The 1994 outburst was bluer in B − V and redder in U − B. Figure 4 show the average phase light and color curves for quiescence and the position of the star in the 1994 and 2017 outbursts as well as in the preoutburst state in 2016, which should be discussed in more detail.
In 2016 we carried out the observations from May 7 to November 21 at orbital phases 0.4-0.8. The open circles in the phase curves (Figs. 3 and 4) indicate the 2016 observations. In 2016 the star is seen to have deviated noticeably from the average state. In the U band the star became brighter by 0. m 2 − 0. m 5, depending on the phase; in the B band a minor (about 0. m 15) fading was observed against the background of a general slight brightening at phases 0.4-0.6. A deep secondary minimum compared to the average level appeared at these phases in the V band. In 2016 the depth of the secondary minimum in the V band was 0. m 2 and exceeded the depth of the primary minimum. The U − B and B − V colors in 2016 became bluer than those in quiescence at the same orbital phases. 
U − B, B − V color-color diagram
Consider the pattern of color variations in LT Del on the U − B, B − V color-color diagram. We corrected the observed colors for reddening with E(B − V ) = 0. m 2 (Skopal 2005 ) and plotted the observations in quiescence averaged over the phase with a 0.1 step and the data referring to the 1994 and 2017 outbursts and the pre-outburst state in 2016 on this diagram (Fig. 5) . The positions of the hot star (a blackbody with a temperature T h above 50 000 K), the gas continuum with an electron temperature T e = 17 000 K (Skopal 2005 In the pre-outburst state in 2016 during its deep secondary minimum LT Del on the color-color diagram shifted relative to the average position at phases 0.5-0.6 upward and leftward, which can be explained by a reduction in the contribution of the cool component due to the ellipticity effect (discussed below) and an enhancement of the emission-line spectrum of the ionized region.
In the outbursts the variable on the color-color diagram deviated noticeably from the track of its quiescent state. In 1994 it moved toward hot stars, which points to a noticeable increase in the contribution of the hot star to the total emission from the system. In 1994 the main contributors to the emission were the erupted subdwarf and the cool star with a flux ratio of 2:1 in the B band. According to Arkhipova et al. (1995b) , the shape of the emission-line spectrum for LT Del in 1994 underwent no significant changes compared to its quiescent state and the contribution of the emission lines to the system's U BV bands was minor.
In the 2017 outburst the ratio of the components in the system's emission changed differently than in 1994. The influence of the gas component grew together with a possible increase in the contribution of the hot star. According to Ikonnikova et al. (2019) , the emission-line fluxes in the optical spectrum of LT Del increased noticeably (by a factor of 5-10). In the B band the contribution of the strongest HeII λ4686 and Hβ lines to the total emission grew by ∼13 %, which led to a bluing of the B − V color. Munari et al. (2017) reported the appearance of the high excitation OIII λ3444 and λ3429, OIV λ3411, [Ne V] λ3345 and λ3427, lines in the outburst, whose contribution to the U band can be noticeable. Furthermore, the contribution of the nebular continuum increased. In its brightest state in 2017 LT Del had magnitudes V = 12 m 35, B = 13. m 12, and U = 11. m 94. After the subtraction of the cool star with the above magnitudes, the observed magnitudes of the hot component (star + gas component and emission lines) in the 2017 outburst were V = 12. m 99, B = 13. m 37, and U = 12. m 10. Estimating the contribution of the hot star causes difficulties without additional data on the ultraviolet (UV) emission from the system. 
Secondary minimum in 2016
We found that in the orbital cycle before the 2017 outburst a secondary minimum, which was barely visible in previous years, clearly manifested itself in the B and V light curves. Both the ellipticity of the cool component and its eclipse by the hot star can be responsible for this phenomenon. Consider the possibility of an eclipse of the cool component by the hot subdwarf that increased its size. In the V band the main contributor to the system's emission is the cool star. The depth of the secondary minimum in 2016, ∆V = 0. m 2, corresponds to a decrease in the flux and, accordingly, the area of the disk of the cool star by a factor of k=1.2. In the case of a central eclipse, when the minimum possible increase in the size of the hot star is required, from the relation k = πR(cool) 2 /(πR(cool) 2 − πR(hot) 2 ) for k=1.2 we obtain R(hot)/R(cool) = (k − 1)/k = 0.41, i.e., the giant and the hot subdwarf must have comparable sizes. As will be shown below, R(cool) ∼ 35R ⊙ , and then R(hot) = 0.41 × 35R ⊙ ∼ 14R ⊙ . According to spectroscopic observations, the temperature of the hot star in 2016 did not decrease; consequently, such a significant increase in the radius compared to the systems quiescent state, when the subdwarf has a radius R(hot) ∼ 0.26R ⊙ , would entail a manifold increase in the system's luminosity, which was not observed. It remains to recognize that the secondary minimum was caused by a manifestation of the giant's ellipticity before the 2017 outburst. However, this interpretation is also questioned, as shown in the Section "Distance and Estimation of Component Parameters" .
The phenomenon detected by us together with the model calculations of light curves will be discussed later.
Distance and estimation of component parameters
Using the color-color diagram and the results of Skopal (2005), we estimated the magnitudes of the components of the binary system LT Del.
At the phase of maximum light (φ = 0.49) only one UV spectrum of LT Del was obtained from the IUE satellite on June 14, 1990 . These data together with the photometric observations in a wide wavelength range, from 0.36 (U ) to 5.5 (L) µm, from Munari and Buson (1992) allowed Skopal (2005) to construct the spectral energy distribution for LT Del at this orbital phase and to represent it by three components: a hot star with T (hot) = 10 5 K, a gas continuum with T e = 17 000 K, and a cool component with T eff = 4100 K. Using (Pereira et al. 1998) , the position of the cool giant on the Hertzsprung-Russell diagram is consistent with the evolutionary track of a star with metallicity Z=0.001 and mass 0.93M ⊙ at the red giant stage (Charbonnel et al. 1996) .
We also estimated the luminosity of the hot star in the system LT Del. As has been shown above, the subdwarf in quiescence has a magnitude corrected for reddening with E(B − V ) = 0. With the new mass estimates for the components of the binary system with an orbital period P = 476 d under the assumption of a circular orbit, we estimated the separation between the components to be 294R ⊙ , and the Roche lobe size for the cool giant to be 85R ⊙ . Consequently, the star with a radius R(cool) ∼ 35R ⊙ in the system LT Del does not fill its Roche lobe and its shape is not distorted by the tidal interaction with the hot component. This casts doubt on the conclusion about a possible ellipticity of the cool component as the cause of the secondary minimum in the V light curve in 2016.
Conclusions
In 2010-2018 we obtained new photoelectric U BV observations of the yellow symbiotic star LT Del. Based on our data and the results of other authors, in particular, the latest distance determination, we reached the following conclusions:
(1) An outburst with amplitudes ∆V = 0. m 7, ∆B = 1. m 3, and ∆U = 2. m 2. was shown to have occurred in the binary system in 2017. The outburst duration was ∼60 days. In the outburst the star had considerably bluer colors than in quiescence.
(2) A comparison of the 1994 and 2017 outbursts showed their difference. The 1994 event was more prolonged. At an approximately equal amplitude in the V band, the 1994 outburst was bluer in B − V and redder in U − B than the 2017 event. This points to a larger contribution of the gas component in 2017. Given the 2017 spectroscopic data, which showed a noticeable strengthening of high-excitation lines, it can be hypothesized that in 2017 the temperature of the hot star rose, while in the 1994 outburst the compact object became cooler, as shown in Arkhipova et al. (1995b) . (3) In the pre-outburst state in 2016 secondary minima were observed in the B and V light curves at orbital phases 0.4-0.6, a reasonable interpretation of which requires additional knowledge of the binary system.
(4) We estimated the parameters of the cool and hot components of the system by taking into account the direct distance determination for the binary system fromGaia data. The cool star was found to be a yellow giant with L(cool) ∼ 420L ⊙ and R(cool) ∼ 35R ⊙ , while the hot subdwarf has L(hot) ∼ 5400L ⊙ and R(hot) ∼ 0.26R ⊙ . A comparison of the deduced binary component parameters with theoretical evolutionary tracks allowed the component masses to be estimated: M (cool) ∼ 0.93M ⊙ and M (hot) ∼ 0.57M ⊙ .
